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But it may represent a serious health risk because it is present in water, air, and certain antibiotics (penicillin and cephalosporin) as an impurity and potential exposure of the public exists through their usage.
2 Acute (shortterm) inhalation exposure to N,N-dimethylaniline had resulted in harmful effects on the central nervous system (CNS) and circulatory system, with headache, cyanosis, and dizziness in humans.
2,3
The American Conference of Governmental and Industrial Hygienists' threshold limit value (ACGIH TLV) announced the TLV of N,N-dimethylaniline to be 5 ppm in 1999. 4 Phenol is a very important chemical material in the production of phenolic resins. But it can remain in the air, the soil, and water. Very high concentrations of phenol can cause death if it is ingested, inhaled or absorbed through skin. Systemic absorption causes convulsions, as well as liver and kidney damage.
In order to quantify environmental investigations, scientists require a highly selective and sensitive method for determination of N,N-dimethylaniline and phenol.
One method that has been used for the determination of N,Ndimethylaniline is HPLC with an ultraviolet detector (HPLC/UVD). 5 Evgenev et al. developed a spectrophotometer assay method 6 for determination of N,N-dimethylaniline based on its derivative. There are some methods for determination of phenol with chemiluminescence detection. [7] [8] [9] [10] [11] However, phenol and N,N-dimethylaniline sometimes exist in wastewater simultaneously; to our best knowledge, no chemiluminescence method has been developed for simultaneous determination of N,N-dimethylaniline and phenol nor for determination of N,Ndimethylaniline alone. So, this paper presents the method for determination of N,N-dimethylaniline and phenol, and the method might be useful for their simultaneous determination in wastewater.
Due to its high selectivity and sensitivity and its wide linear working range, HPLC-CL analysis has become an attractive technique for pharmaceutical and biomedical analyses, [12] [13] [14] [15] but not for determination of environmental samples. Generally, CL analysis can be conducted based on the CL induced by the reactions of an analyte with CL reagents, or the inhibition/sensitization of CL which result from the reaction of the analyte with the CL reagents or oxidants prior to the CL reaction. 16, 17 It is well known that luminol can be oxidized by potassium ferricyanide in an alkaline solution, the reaction produces strong chemiluminescence. Our preliminary experiment showed that N,N-dimethylaniline and phenol sensitized the CL reaction, and that the enhancement in the chemiluminescence intensity was a linear function of their concentrations. Thus, a novel HPLC-CL method based on this fact is proposed for the simultaneous determination of N,N-dimethylaniline and phenol in this paper.
Experimental

Chemicals and solutions
All of the chemicals and solvents were of analyte reagentgrade. Doubly-distilled water was used for all aqueous solutions. N,N-Dimethylaniline and potassium ferricyanide were obtained from Chongqing Chemical Reagent Factory (China). Luminol was purchased from Acros Co. (New Jersey, USA). A stock solution of N,N-dimethylaniline of 1 × 10 -3 g/mL was prepared by dissolving 50 mg of distilled N,N-dimethylaniline in 50 mL of ethanol, and this solution was stored at 4˚C. A potassium ferricyanide solution was prepared in water (1 × 10 -2 mol/L). A 1 × 10 -2 mol/L luminol solution was prepared by dissolving 1.772 g of luminol in 1000 mL of 1 × 10 -2 mol/L NaOH. All solutions must be filtered (filter 0.45 µm) just before use.
Apparatus and HPLC-CL assay condition
The HPLC-CL system is shown in Fig. 1 . It consisted of three LC-6A reciprocating pumps (Shimadzu, Japan), a Shimadzu g/mL with a detection limit (3σ) of 1.20 × 10 -8 g/mL; the relative standard deviation (3σ) for 5.0 × 10 -6 g/mL N,Ndimethylaniline was 1.4% (n = 6). The range for phenol was from 5.1 × 10 -7 to 1.3 × 10 -4 g/mL, and a detection limit (3σ) of 2.5 × 10 -8 g/mL could be obtained. The method can be useful for the determination of N,N-dimethylaniline and phenol in some environmental samples. China) kept at 30˚C in a CTO-6A column oven (Shimadzu, Japan). The mobile phase for separation of samples was a mixture of ethanol-0.01% triethylamine (2:1, v/v) at the flow rate of 1.0 mL/min. The luminol solution (1.0 mL/min) was mixed with potassium ferricyanide solution (1.0 mL/min) by the first T-type mixing device and then with the eluate from the HPLC column by a second T-type mixing device. The generated CL was monitored by the kBPCL chemiluminescence detector equipped with a 100-µL flow cell. Stainless-steel tubing (0.3 mm i.d.) was used for the HPLC-CL connection.
Sampling processes
N,N-Dimethylaniline and phenol were extracted thrice with 8 mL methylene chloride, each time in a 500 mL separatory funnel from a wastewater sample; the solution was then filtered with a 0.45 µm membrane filter after being concentrated into 1.0 mL in a K-D concentrator; and then diluted with mobile phase into 2.0 mL. An aliquot (20 µL) of this solution was injected into the HPLC analysis system.
Results and Discussion
N,N-Dimethylaniline and phenol were used as model compounds to establish HPLC conditions, and N,N-dimethylaniline alone was used to establish CL reaction conditions. Figure 2 shows the typical chromatogram obtained with a mixture of 5.0 × 10 -6 g/mL each of the two compounds under the conditions determined above. The presence of triethylamine in the mobile phase was essential to both complete resolutions of the aromatic compounds and efficient chromatography, especially to the elimination of peak tailing. A better separation of them was achieved on a 4.6 × 150 mm reversed-phase column than on other length columns in the same diameter and particle size by isocratic elution with ethanol-0.01% triethylamine (2:1, v/v); the retention times for phenol and N,Ndimethylaniline were 2.07 min and 8.41 min, respectively. The mobile phase for separation of the two compounds was also tested, where methanol, ethanol, acetonitrile, tetrahydrofuran, isopropyl alcohol and tert-butyl alcohol as the organic phase in the mobile phase were compared. When methanol, acetonitrile, tetrahydrofuran, isopropyl alcohol and tert-butyl alcohol were used, the CL signals were inhibited intensively. Therefore, we selected ethanol-0.01% triethylamine (2:1, v/v) as the mobile phase. Finally, the flow rates of mobile phase, luminol-NaOH solution and potassium ferricyanide solution were examined over the range of 0.8 -1.2 mL/min. When the flow rate was 1.0 mL/min on each flow line, the maximum CL intensity was obtained for N,N-dimethylaniline.
HPLC conditions
CL reaction
The CL intensities were affected by the concentrations of luminol, potassium ferricyanide and sodium hydroxide. The effects of the concentrations of the reagents on the CL reaction were examined (Figs. 3 -5 ). Based on these experiments, concentrations of 8 × 10 -6 mol/L luminol, 5 × 10 -4 mol/L potassium ferricyanide and 4 × 10 -2 mol/L sodium hydroxide were selected for the sensitive determination of N,Ndimethylaniline. The CL reaction occurred immediately after the eluate from the column was mixed with the mixture of luminol-NaOH solution and potassium ferricyanide solution at the second mixing device. Therefore, the length of tubing between the second mixing device and the detector affected the CL response. The peak heights for N,N-dimethylaniline increased with decreasing the length of the tubing. Tencentimeter was the shortest usable length.
Calibration graph, precision and detection limits
The relationships between the peak heights and the amounts of N,N-dimethylaniline and phenol were linear up to at least 5 × 10 -7 g/mL per 20-µL injection volume; the linear correlation coefficients were 0.9997 for N,N-dimethylaniline and 0.9998 for phenol.
The precision was established by repeated determinations (n = 6) using mixtures of the two compounds at different concentrations. The relative standard deviations for N,Ndimethylaniline and phenol were 1.4% and 2.3% (5 × 10 -6 g/mL each per 20-µL injection volume), respectively.
The detection limits (signal-to-noise ratio = 3) were 1.20 × 10 -8 g/mL (N,N-dimethylaniline) and 2.50 × 10 -8 g/mL (phenol), respectively, per 20-µL injection.
Interference study and application
In order to apply the suggested method to the analysis of a water sample, we investigated the possible interferences of some common chemicals in wastewater by adding chemicals to an N,N-dimethylaniline and phenol solution. Except phenolic compounds, other aromatic amines showed no sensitization on the luminol-K3Fe(CN)6 system. α-Naphthol, which had a longer retention time in phenolic compounds, was eluted before N,N-dimethylaniline (Fig. 6) .
The proposed method was successfully applied to the determination of N,N-dimethylaniline and phenol in water samples from a Dyestuff Factory in Chongqing and Jialing River; the results are given in Table 1 . Recovery tests were carried out on samples to which known amounts of N,Ndimethylaniline and phenol were added. The recoveries for different concentration levels of the two compounds varied from 98.2% to 101.3%.
The above HPLC-CL method was developed for analyzing N,N-dimethylaniline and phenol in wastewater based on the strong sensitization on the luminol-K3Fe(CN)6 CL system in sodium hydroxide medium.
It was sensitive for N,Ndimethylaniline; the sensitivity is comparable to that of the HPLC/UVD method.
However, the method has limited sensitivity for other aromatic amines. The proposed method might be useful for the simultaneous determination of N,Ndimethylaniline and phenol in environmental samples. 
